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Recent computational studies (Cecchini et al., 2010; Tehver and Thirumalai, 2010) have brought us closer to
watching amolecularmachine, myosin, in action. This significant achievement, obtained by sensible physical
approximations, opens a highway to improve the integration of computational methods and experimental
results.Theoretical and computational investiga-
tions of biomolecular machines, such
as the myosin family of proteins, hold
a promise of providing highly detailed
pictures as a function of time and of gain-
ing considerable insight to biomolecular
machines in action.However, thesecalcu-
lations also pose a considerable chal-
lenge. The challenges and the progress
described in two articles in this issue
(Cecchini et al., 2010; Tehver and Thiru-
malai, 2010) and related work are briefly
summarized here.
The complete modeling of a machine
such as myosin is immensely complex.
Myosins are a family of molecular motor
proteins that move along actin filaments
powered by ATP hydrolysis. Spatially,
the process starts with ATP binding that
is mediated by hydrogen bond formation,
followed by the cleavage of the ATP phos-
phate group and resulting in the amplifica-
tion of that initial local change to motions
at tens and hundreds of angstroms scale
that (after attachment to actin) perform
mechanical work. This local-to-global
amplification is an amazing feat, difficult
to explain at a molecular level and to
predict based on system parameters. At
present, there are no comprehensive
models of the myosin machine at all spa-
tial and temporal scales. Nevertheless,
recent models (Cecchini et al., 2010;
Tehver and Thirumalai, 2010) provide
a clearer picture of the individual steps
and bring us closer to a complete frame-
work of the events that produce mechan-
ical work from chemical energy.
Each of the theoretical and computa-
tional (molecular) approaches that are
used to investigate myosin has both
significant strengths and disadvantages.
On one hand, coarse-grained models
and simplified approaches like GaussianNetworks offer unparalleled simplicity
and ease of analysis (as demonstrated in
previously [Yang et al., 2009] and by
Tehver and Thirumalai [2010]). Tehver
and Thirumalai are able to capture global
features of the transition by normal mode
analysis of an elastic network model of
myosin, and point to critical residues of
the process using an elegant perturbation
approach that resembles a point muta-
tion. It seems that the overall shape and
the density of myosin ‘‘matter’’ (Guassian
networks are similar to continuum elas-
ticity) are sufficient to predict soft direc-
tions of change without the need of
atomically detailed modeling.
On the other hand, the ability of such
networks to ‘‘sense’’ the local initiation of
the process and its progress to global
changes is limited. More detailed models
are necessary to bridge the gap between
the global and the local levels of analysis.
The use of the Self-Organized Polymer
(SOP), a coarse-graining method (Tehver
and Thirumalai, 2010), is an intriguing
intermediate approach to kinetic that
further extends the applicability of coarse-
grained models to the studies of confor-
mational transitions. It allows simulations
far from the initial minima to which elastic
networks are restricted. The SOP model
is accessible to Brownian dynamics simu-
lations and probes the detachment step
directly.
Nevertheless, atomically detailed cal-
culations are in principle the most com-
prehensive simulation techniques avail-
able, within the accuracy of the force
field. They offer solutions for a wide range
of thermodynamic and kinetic questions,
using essentially the same basic model.
Unfortunately, their complexity offers new
challenges. The high cost of each compu-
tation per step and the large number ofStructure 18, April 14, 2010steps required to observe biologically
significant changes is formidable in sys-
tems like myosin. With this restriction in
mind, the first step in atomically detailed
descriptions of large-scale transitions in
macromolecules is (typically) the identifi-
cation of a reaction coordinate, or a quali-
tative picture of a mechanism. This is the
approach taken by Cecchini et al. (2010).
Using the multicopy-enhanced sampling
method (MCES), a variant of time-depen-
dent Hartree (TDH), and locally enhanced
sampling (LES) (Elber and Karplus, 1990),
the authors search for plausible diffusion
pathways of the dissociated phosphate
group out of the protein matrix. Similar
to the original study of carbon monoxide
diffusion out of myoglobin, physically
based approximations are made. The
multiple copies of the phosphate group
that probe the alternative exits are a
mean field approximation that favors open
or partially open pathways. No sampling
enhancements of plausible side-chain
conformations that may influence the
gate (like a flip of the distal histidine in
myoglobin) are present. On the other
hand, this exploration takes into account
protein fluctuations and allows for ligand
probing of the transient holes. Indeed, a
number of interesting pathways were
observed and discussed (Cecchini et al.,
2010), unraveling another local compo-
nent of myosin function.
The idea of using atomically detailed
pathway calculations to probe the func-
tion of myosin was exploited by others
for eventsmore global than ligand escape.
Fischer et al. (2005) computed aminimum
energy path, while Yang et al. (2008)
employed targeted dynamics to investi-
gate the recovery stroke in myosin. The
above computed reaction coordinates
are in conflict and no obvious connectionª2010 Elsevier Ltd All rights reserved 415
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Previewsto kinetic and thermodynamic observ-
ables is made to assess correctness.
Recently, Elber and West (2010) com-
puted the kinetics of the recovery stroke
in myosin in atomic details with mileston-
ing. Milestoning partitions the space to
compartments and computes local transi-
tion times between them. The local transi-
tions times are combined to obtain the
overall time scale of the process. The
calculated millisecond time scale is in
accord with experiment.
It is probably safe to say that we are
reaching an almost quantitative under-
standing of the recovery stroke, while
the power stroke investigated in Cecchini416 Structure 18, April 14, 2010 ª2010 Elsevet al. (2010) and Tehver and Thirumalai
(2010) still presents nontrivial challenges.
The two articles in this issue address crit-
ical windows of the process: one window
of the release of the phosphate group,
and another window of the detachment
of myosin from actin. They make concrete
predictions that can be tested experimen-
tally. Such tests are crucial for further
advancement in theory, modeling, and
our overall understanding of the process.REFERENCES
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In this issue, Mittag et al. (2010) provided interesting insights concerning the molecular details of how
the meandering of disordered proteins in conformational space can lead to collective binding modes and
ultrasensitive probing of cellular kinase activities.Until recently, proteins were considered
nature’s robots, mostly static and struc-
tured, performing both unique chemical
transformations or specifically interacting
with their cognate binding partners
under environmental conditions suitable
for living organisms. The common under-
standing is that these functionalities rely
on the existence of stably folded protein
scaffolds. This structure-function para-
digm however, has been recently ques-
tioned, and it is now acknowledged that
an increasing number of proteins lack
stably folded tertiary structures (Dyson
and Wright, 2005) and that this intrinsic
flexibility has significant impact on biolog-
ical function. The preponderance of intrin-
sically unstructured proteins in higher
organisms points to their evolutionary
relevance and association with intricate
protein networks in fundamental regula-tory processes. The binding of disordered
proteins is typically accompanied by
significant changes in the structure and
dynamics of the polypeptide chains, i.e.,
folding upon binding, following either an
induced fit or conformational selection
process, although recent experimental
findings support a more elaborate model
for molecular recognition events (Boehr
et al., 2009). In this new molecular recog-
nition paradigm, the interaction event
proceeds along a well-defined reaction
pathway. As an initial step, conforma-
tional selection leads to the formation of
a first encounter complex followed by
the optimization of side-chain and back-
bone interactions. The emerging picture
is that proteins may have evolved to
substantially increase the diversity of their
conformational ensembles and allow for
fast intrinsic fluctuations that enable effi-cient sampling of the relevant conforma-
tional space. Interaction with binding
partners leads to a population shift in the
conformational ensemble and the ulti-
mate selection of the ‘‘bound’’ conforma-
tion that is complementary to the interac-
tion partner.
Intriguingly, a recent report describes
an unexpected but very illustrative exam-
ple of a disordered protein complex
in which molecular recognition is not
accompanied by folding. The article by
Mittag et al. (2010) presents an elegant
study of the dynamic complex between
the intrinsically disordered Sic1 and the
Cdc4 subunit of an SCF ubiquitin ligase.
Combining complementary biophysical
data from small-angle X-ray scattering
(SAXS) and sophisticated nuclear mag-
netic resonance (NMR) spectroscopy,
they could provide a detailed physical
